A photovoltaic energy-assisted industrial dryer has been analyzed. The dryer has been tested in various weather and working conditions with 3 kg of green peas from 75.6% initial moisture content to 20% final moisture content (w.b.). The effect of various drying air temperatures at three levels (40, 50, and 60 ∘ C) and two distinct air velocities (3 m/s and 4 m/s) was examined. Drying performance was assessed with regard to criteria including drying kinetics, specific and total energy consumption, and color and rehydration ratio. The results have proved that total drying duration reduces as air velocity rate and drying air temperature raise. Relying upon the drying durations, the generation performances of photovoltaic panels were between 5.261 and 3.953 W. On the other part, energy consumptions of dryer were between 37.417 and 28.111 W. The best specific energy consumption was detected in 50 ∘ C at 3 m/s for 600 minutes with 7.616 kWh/kg. All drying conditions caused darkening as color parameters. Rehydration assays have showed that rehydrated green peas attained higher capacity with raised air temperature and air velocity.
Introduction
Green peas (Pisum sativum) are one of the most common and popular legumes in the world [1] . According to statistics prepared by Food and Agriculture Organization, dry green pea production in 2014 was nearly 11.3 million tons worldwide [2] . It has been extensively used in the human diet for a long time since it is an excellent source of protein, vitamins, minerals, and other nutrients and also high in fiber and low in fat and finally contains no cholesterol as well [3] . Because of its high moisture content, drying is an alternative method to preserve pea. Dried peas have become popular as they provide the advantage of longer shelf life, palatability, and convenience during its transportation and handling [4] . Also, drying of peas enables effective and practical preservation so as to minimize the losses after harvest. Like other legumes, dried peas can be used in meals or soups. Similarly, it is used in some traditional meals in UK and North America [5] . They are generally dried in thin layer by using hot air for industrial purposes [1] .
Since ancient times, sun drying is one of the simple and well-known techniques of lessening the moisture content of the agricultural products. With respect to its negligible cost and energy need, it is advantageous. Conversely, this process is disadvantageous in terms of its slow speed and labor requirement. During drying, products can be polluted by dirt, dust, animals, insects, and microbial contamination and also this method has no protection against environmental conditions such as rain or storm as well [5] . As a result, loss in food quality in the dried products may have negative effects on their economic worth and trade potential. To prevent decline in quality of materials, various types of drying methods have been built. Conventional dryers among them are proved to be uneconomic because of their high energy cost [6] . Consuming minimum energy at maximum drying efficiency is aimed at industrial drying. For this reason, solar drying is a suitable choice which both provides low cost drying and decreases pollution of fossil fuel usage. Solar drying technology is simple and easy to adopt to domestic sector [7] . So as to benefit from free and renewable energy resources, in recent years, there have been several dryer attempts to preserve agricultural products [8] .
About photovoltaic (PV) assisted dryers, Adelajaa et al. [9] demonstrated the integration of a suction fan which is powered by a solar PV module. An experiment was conducted in June on vegetable (Hydrophyllum). The designed dryer has drying chamber temperature of 58 ∘ C which is in conformance with the optimum temperature for drying vegetables and its collector efficiency is 83.2%. Nwosu et al. [10] depicted the design and experimental performance evaluation of a photovoltaic-powered solar drying system. The experimental outcomes indicate that, even at unfavorable weather conditions, the unit can produce cassava in good quality. Aktaş et al. [11] produced and analyzed the solar energy dryer that has 10 kg tomato capacity. Dryer has been used at various conditions. Required electricity and heat energy were provided by solar energy totally. Tomato slices were dried at drying air temperatures of 40 ∘ C, 45 ∘ C, and 50 ∘ C, respectively, and average 0.2 m/s air velocity for 8.5, 7, and 6 hours, respectively. According to the results of the experiment average solar collector efficiency was calculated as 49.33%. Ceylan et al. [6] also designed and produced a new type of solar dryer. In this experimental drying process tomatoes were used as well. The photovoltaic cells were used to run the fan and charge the batteries during the day as well. These charged batteries ran the halogen lamps during the night, and these halogen lamps were used to heat the dryingair-assisted photovoltaic cells. The solar dryer efficiency will increase in the summer season since solar radiation increases in this period. The dryer is called green solar dryer as the required power was supplied by using PV cells. Seveda [12] devised a photovoltaic-powered-forced convection solar dryer and assessed it in the conditions of NEH region of India. Dryer had a 6 kg capacity of chilies per batch. Average air temperature reached in the solar dryer was about 40 ∘ C, which was higher than the ambient temperature. Chili drying process in a PV powered-forced convection solar dryer decreases the moisture content from nearly 80.2% (wet basis) to the final moisture content of nearly 10.0% in 32 hours.
In this research, the main objective is to assess the performance of the designed and manufactured PV-assisted dryer. Thin-layer green peas were used in the drying process in this experiment with the effects of various air temperature and air velocity on the drying time, color, rehydration ratio, and specific and total energy consumption.
Materials and Methods
Green peas (Pisum sativum), which were used in the drying experiments, were grown in the region of Yenişehir, Bursa, Turkey. The product was harvested on June 29, 2016, and then was stored at 4.0 ± 0.1 ∘ C to inhibit moisture loss. Before the drying experiments were conducted the harvest was carried out once and the same product was used during the all drying experiments. Uniform kernels which have average radius of 10.9 ± 0.4 mm were used. Initial moisture contents of the samples were specified by oven drying (ED 115 Binder, Tuttlingen, Germany) at 105 ∘ C for 24 hours. Based on this initial moisture content analysis, moisture content was found to be 75.6%, wet basis. Figure 1 .
Experimental
This device contains 1 kW total capacity polycrystalline solar panel module (SFP250, Solarfield, Turkey) with horizontal angle of 30 ∘ always facing south, 1.1 kW snail fan (1.5 1500S, MTA, Turkey) that possesses digital potentiometer, 8 kW electric resistance heater zone, proportional integral derivative (PID) control processor with a PT100 thermocouple (Esm 7730, Emko, Turkey), twelve batteries (DC12V 100A) which are connected in series to get 48 V power source (SPG100/12, SB, China), inverter and controller, digital electric meters, and drying chamber that has four shelves (198 cm-58 cm). There was an 8 cm space between two trays. Only one tray was used in these experiments.
Test Procedure.
In this research, the performance of PVassisted dryer was examined. The design had been performed by taking local conditions into account. The experiments were carried out between the dates July 01 and July 14, 2016, between the hours 10:00 am and 8:00 pm with duple replicate. The dryer was placed away from any shadow throughout the experiment. For thin-layer drying, samples were put on wire mesh trays.
In order to understand the effect of environmental conditions, average environmental data measurements in July were recorded by the datalogger (Cr1000, Campell Scientific, USA) for 12 days. The dataset is composed of 1 min averaged International Journal of Photoenergy 3 measurements of global horizontal irradiance (CM11 pyranometer, Kipp&Zonen, Netherlands), direct normal irradiance (CHP1 pyrheliometer, Kipp&Zonen, Netherlands) with an installed on solar tracker, sunshine duration (CSD 3 Sensor, Kipp&Zonen, Netherlands), ambient temperature (41342, Young, USA), and ambient humidity (41003, Young, USA). The station is placed just besides the dryer.
Analysis Procedure
2.3.1. Drying Kinetics. By visually inspecting, damaged, immature, and dry pods were excluded manually. In addition the pea pods were shelled by hand [4] . After separation of green peas, it dried in dryer with air temperatures of 50, 60, and 70 ∘ C [13] , respectively at 3 m/s and 4 m/s air velocities [14, 15] . Single layers of drying were performed on a mesh tray which was containing fresh green peas of 3 kg. Then digital grain moisture tester gauged the moisture content (Mini GAC plus, Dickey-John, USA) [16] . This procedure was repeated until moisture content was decreased to 20% (w.b.) [17] . After drying process, the product was cooled for 10 minutes and then it was kept in air glass jars for one week by the time color and rehydration measurements were carried out [18] .
Specific and Total Energy Consumption.
Specific energy consumption was defined as the energy required to remove a unit mass of water in drying process [19] . This specific energy calculation was expressed as kWh/kg of the moisture removed. On the other hand, for air heating and blower running total energy consumption of dryer was calculated by using a digital electric counter (AEL MF 07, Kohler, Turkey) [20] . Moreover energy production realized by PV panels has been measured (Bk325, GT Power RC, China) during the drying period and it was excluded from total consumption.
Color.
A colorimeter has determined the color of initial and dried samples (EZ 4500L, Hunter Lab, USA). Commission Internationale d'Eclairage was embraced with the three-dimensional color space and construed as follows:
* is the brightness value which ranges from no reflection for black ( = 0) value to perfect diffuse reflection for white ( = 100) value.
* value is the redness which ranges from negative values that represent green to positive values that represent red.
* value is the yellowness which ranges from negative values that stand for blue and positive values that stand for yellow [21] . Before the color measurement operations, calibration of the device was completed by utilizing a standard white plate ( = 82.43, = 84.55, and = 99.39) and also utilizing a standard black plate ( = 0, = 0, and = 0). In the course of the measurements, green peas were superposed in order to cover the surface of the black cylindrical box totally [22] .
Rehydration.
Rehydration experiments were conducted with dried samples of 10 g which were put into a cloth and placed in a beaker in which there is 250 mL distilled water. The beakers were retained at room temperature of nearly 20 ∘ C, for 14 hours time. Afterwards, these samples were taken out from the beaker and drained over a mesh so as to remove the superficial water, and then they were weighed by digital balance (PS 4500, Radwag, Poland). Rehydration capacity was identified as the ratio of the total weight of the sample to the dry weight of it after rehydration in grams [23] .
Statistical Analysis.
Obtained results were processed by using MS-Excel software. After examination of the each drying method, so as to assess any significant difference between the color and the rehydration capacity a one-way analysis of variance was used. All calculations were done by means of the JMP software (version 7.0, NC, USA). Unless otherwise specified, differences were regarded as significant at < 0.05 value.
Results and Discussion
For reduction of moisture content, effects of different drying air temperatures and air velocities are shown in Figure 2 . Obtained results indicated that drying of green peas was performed at air temperatures of 50, 60, and 70 ∘ C at a constant drying air velocity of 3 m/s and took about 600, 500, and 405 minutes, respectively. In addition to this, the drying of green peas continued about 540, 450, and 360 minutes in 50, 60, and 70 ∘ C at a constant drying air velocity of 4 m/s, respectively. The drying duration was reduced by 1.48 times in proportion to the drying process which was realized in 50 to 70 ∘ C at 3 m/s air velocity. Likewise, drying duration was surged about 1.50 times, if the drying temperature reduced from 70 to 50 ∘ C at 4 m/s air velocity. As a result, the drying duration is expected to reduce the moisture which was at the highest level in 50 ∘ C at 3 m/s air velocity and at the lowest level in 70 ∘ C at 4 m/s air velocity and consequently the average total drying duration decreased about 40% times. As it can be seen, higher drying temperatures and air velocities will improve the kinetic energy of water molecules, and ultimately it stimulates water evaporation rate. For this reason, drying duration reduced with increased air temperature and velocity. So these results are in line with the previous researches.
Results about the increase in drying air temperatures are similar to those founded by Taechapairoj et al. [24] for paddy, Doymaz [25] for green bean, Rattanamechaiskul et al. [26] for purple rice, and Doymaz [27] for red kidney bean seeds. In other respects, it has been seen that the increase in air velocity has significantly reduced the drying duration at other researches such as Afzal et al. [28] for barley, Darvishi et al. [29] for soybean, and Chielle et al. [30] for papaya seeds.
The environmental conditions are depicted on Figure 3 . Experiments were conducted in clear sunshine sky conditions and started at 10:00 am till the moisture content was reduced to 20%. According to the average daily results gathered from the research shown in Figures 3(a)-3(f) , it can be assumed that the ratio of global solar radiation intensity during the experiments was around 667. 20 For various drying treatments, energy consumption variation (electric resistances and blower) and energy production from PV are depicted in Figure 4 . When comparison of the different drying processes with regard to energy consumption values was conducted, it was noticed that temperature rise of air that has relative humidity is significant for energy consumption of electric resistances. Additionally, if the heating unit works with low air temperature, the dryer requires less energy. Among all drying methods, the lowest and highest energy consumptions were seen at 50 ∘ C at 3 m/s and 70 ∘ C at 4 m/s, respectively. During the drying durations, when the PV panels produced energy, the average total energy consumption decreased about 10.56% to 18.71%.
The specific energy increased with increased air velocity (at constant temperature) as it can be seen at Figure 5 . Data results display that, for green peas, the highest value of the specific energy was 11.154 kW h/kg in 70 ∘ C at 4 m/s and the lowest value of the specific energy was attained in 50 ∘ C at 3 m/s to be 7.616 kW h/kg. So it means that choosing the proper temperature and air velocity leads to reduced specific energy consumption. In the literature similar results can be found such as Adabi et al. [31] who dried squash seeds in semifluidized and fluidized-bed dryers. Obtained results indicated that increase in air velocity leads to apparent increase in the value of specific energy consumption. Chayjan et al. [32] examined the specific energy consumption of several drying methods for black mulberry. From that research, it was understood that drying at higher air velocities ends in more energy consumption.
Summary [33] asserted that the negative * value of Allium roseum leaves increases significantly, after the application of thinlayer convective drying at three temperatures (40, 50, and 60 ∘ C) and two air velocities (1.0 and 1.5 m/s). Demiray and Tulek [34] examined the influence of temperature on color change kinetics of carrot slices. Finally, the color values were influenced by hot air drying; for instance, * values decreased from 57.87 to 49.32 at 65 ∘ C. Additionally, Aral and Beşe [35] applied the color analysis to thin-layer drying of hawthorn fruit (Crataegus spp.) at air temperatures of 50, 60, and 70 ∘ C and air velocities of 0.5, 0.9, and 1.3 m/s in a convective dryer. They discovered that decrease of the drying air temperature and air velocity which led to longer drying time and decrease of * value can be regarded as the yellowness that fruit loses.
Rehydration ratio characteristics of green peas which were dried at different temperatures and air velocities are depicted in Table 1 . General results were observed as follows. The maximum rehydration capacity, which was 2.35, was obtained in 70 ∘ C at 4 m/s. In the same way, the minimum rehydration capacity, which was 2.26, was obtained in 50 ∘ C at 3 m/s. Taking the individual effects into account, the average rehydration capacity of samples raises with the increase of air temperature and velocity. In addition, the statistical analysis indicated that there was no significant difference between the rehydration capacity in 50 ∘ C at 3 m/s and the rehydration capacity in 70 ∘ C at 4 m/s, at 5% probability level only. A behavior like this was reported in a few researches conducted about hot air drying of pumpkin slices [36] , nata de coco [37] , and Rosa rubiginosa fruits [38] . International Journal of Photoenergy 
Conclusions
The industrial drying of green peas with PV energy assistance has been investigated in six different applications here. Dried green peas were analyzed with regard to drying time, color, rehydration, specific energy, and total energy consuming. The obtained results displayed that the increase in the drying air temperature (50 ∘ C to 70 ∘ C) and air velocity (3 m/s to 4 m/s) has resulted in decrease in drying duration. Further, experimental results pointed that the specific energy ranges from 7.561 kW h/kg to 11.154 kW h/kg. Ultimately, the color deviation has been exposed in all treatments and also the statistical analysis about rehydration ratio of dried green peas demonstrates that there are no significant differences about the operating conditions such as air temperature and air velocity. Industrial drying with the PV energy assistance is
